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1. [bookmark: _Toc165382176]Abstract
This report investigates the variance in Q factor between simulation and practical passive filter circuits. Through analysis significant differences in the Q factor is observed, highlighting the challenges in translating a simulated circuit (made in proteus, a design suite for design circuit layout and testing [1]) into a practical one, using an oscilloscope, will enable us to see the factor that component tolerances introduce to the real-world. The Q factor in the simulation shows us a spike of 2.7 whist the physical circuit gives us a Q factor of 1.1. This will prove the importance of having to refine the simulation to better mirror that of the real world. We can do this by running the simulation multiple times, with slightly different values, over time we can get an average, which may better mirror that of the real-world. 

2. [bookmark: _Toc165382177]Introduction
Resonance, in an electric circuit occurs when the inductive and capacitive reactants cancel each other out at a specific frequency, leading to a sharp increase in current and voltage. This is typical in circuits which include capacitors and inductors in parallel or series also known as a tank circuit or passive filter. These circuits are commonly used in radios. They will be used when tuning a radio to a specific station. I will also, be delving in to understanding which frequencies work best with our own filter build. This will be done firstly using a simulation circuit on proteus [1] and then a practical circuit with physical components. I will be discussing what components are used, how compounds like resistors, capacitors and inductors affect the signal under different conditions, determining the “Q” factor from the graph and comparing it to basic theory from both the simulation and practical circuit highlighting any differences and reasons for this. Finding the Q factor meant finding which is the difference between the upper and lower frequencies in a continuous band of frequencies. It is typically measured in units of hertz (Hz) [2]. While also looking to the reasoning behind the differences in results which could be caused by issues like tolerances attached to physical components. “Tolerance” is defined as the allowable variation in a given specification of an electronic component. It’s almost always expressed as an above/below percentage value, such as +/-10% (plus or minus 10 percent) of the nominal value of the component, e.g. 0.01uF. Since the plus/minus is assumed, it’s often shortened to just “10% tolerance”. [3]

3. [bookmark: _Toc165382178]Passive filters 
Passive filters are used in circuits to attenuate unwanted frequencies. They are commonly used in radios, audio systems and telecommunications. These filters can be made up of resistors, capacitors and inductors. There are three common types of filters, named according to the frequency range of signals they allow to pass through.  
· The Low Pass Filter – the low pass filter only allows low frequency signals from 0Hz to its cut-off frequency, ƒc point to pass while blocking those any higher.
· The High Pass Filter – the high pass filter only allows high frequency signals from its cut-off frequency, ƒc point and higher to infinity to pass through while blocking those any lower.
· The Band Pass Filter – the band pass filter allows signals falling within a certain frequency band setup between two points to pass through while blocking both the lower and higher frequencies either side of this frequency band. [4]
Attenuation is a general term that refers to any reduction in the strength of a signal. Attenuation occurs with any type of signal, whether digital or analogue. Sometimes called loss, attenuation is a natural consequence of signal transmission over long distances. [5]
The low pass filter is used in low frequency applications (up to 100kHz), these filters commonly use a resistor and capacitor. High pass filters will do the opposite to these and allow frequencies above a certain frequency through, also using a resistor and capacitor in series. Band path filters are usually a combination of both high and low pass filters. These are used to filter out frequencies within a certain range. These filters use the same components but will have a resistor and capacitor in parallel, or by combining the high and low pass filter together. There is also a notch filter, A notch filter is a type of band-stop filter, which is a filter that attenuates frequencies within a specific range while passing all other frequencies unaltered. For a notch filter, this range of frequencies is very narrow [6]. Notch filters tend to have a high Q factor as the frequency response resembles that of a deep notch, which gives this filter its name.

4. [bookmark: _Toc165382179]Simulation set up
A simulated passive filter is an electronic circuit that mimics the behaviour of a real-life passive filter. The reason the following components are picked for making filters is, Capacitors block DC currents but pass AC more easily at higher frequencies. Conversely, inductors pass DC (direct current) currents as they are, but pass AC (alternating current) less easily at higher frequencies.
In other words, capacitors and inductors are passive components with completely opposite properties. By combining these components with opposite properties, noise can be cut and specific signals can be identified. [7]
Within the proteus software, I created the circuit which included the following,
· 1K Resistor
· 1mH Inductor
· 1µf Capacitor 
· Signal generator
· Oscilloscope
· Ground
(See Figure 1)
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[bookmark: _Ref165378948][bookmark: _Toc164178648][bookmark: _Toc165382192]Figure 1 (Proteus, simulated circuit)
I then set up the signal generator to produce a signal with a peak-to-peak voltage of 2V at a frequency of 100Hz. This means the oscillating frequency will be  with a frequency of 100Hz (cycles per second). After setting this up I measured the voltage across various components of the circuit, specifically, the voltage across the capacitor, resistor and the inductor. These measurements where taken at a range of frequency’s, starting from 100Hz increasing to a maximum of 20KHz. (See table 1)  
	Simulation results 

	F(Hz)
	Vin
	Vout
	Atten

	100
	2
	1.30E-03
	-6.37E+01

	200
	2
	2.50E-03
	-5.81E+01

	500
	2
	6.40E-03
	-4.99E+01

	1000
	2
	1.33E-02
	-4.36E+01

	2000
	2
	3.00E-02
	-3.65E+01

	4000
	2
	1.38E-01
	-2.32E+01

	4900
	2
	1.10E+00
	-5.19E+00

	5000
	2
	1.93E+00
	-3.32E-01

	5200
	2
	8.10E-01
	-7.85E+00

	6000
	2
	1.75E-01
	-2.12E+01

	10000
	2
	4.25E-02
	-3.35E+01

	15000
	2
	2.38E-02
	-3.85E+01

	20000
	2
	1.68E-02
	-4.15E+01


[bookmark: _Ref165379486][bookmark: _Toc165382203]Table 1 (Simulation set up results)


5. [bookmark: _Toc165382180]Practical set up 
For setting up the practical circuit I used the following.
· Breadboard
· 1K resistor
· 1uF capacitor (1UK63)
· 1mH inductor
· Signal generator 
· 2x wires 
· Clip test prob cables
· Signal generator leads 
Building my circuit from my simulator. I connected together on a breadboard the resistor first, then the inductor and capacitor making sure they were in parallel, then the output from these components was taken as shown in Figure 2. 
I made sure to keep my parameters the same. 2V peak-to-peak voltage at a frequency of 100Hz increasing to 20KHz. The results received were vastly different to the simulation results as shown in Table 1
	Practical results 

	F(Hz)
	Vin
	Vout
	Atten

	100
	1.9
	0.01496
	-42.0764

	200
	1.9
	0.0148
	-42.1698

	500
	1.9
	0.01616
	-41.4062

	1000
	1.9
	0.01928
	-39.8729

	2000
	1.9
	0.0328
	-35.2576

	4000
	1.9
	0.1136
	-24.4675

	4900
	1.9
	0.216
	-18.886

	5000
	1.9
	0.22
	-18.7266

	5200
	1.9
	0.22
	-18.7266

	6000
	1.9
	0.144
	-22.4078

	10000
	1.9
	0.0422
	-33.0688

	15000
	1.9
	0.0248
	-37.686

	20000
	1.9
	0.01712
	-40.905


Table 2 (Practical set up results)
[image: ]
[bookmark: _Ref165380051][bookmark: _Ref165379887][bookmark: _Toc165382193]Figure 2 (Bread board of practical circuit)
6. [bookmark: _Toc165382181]Results
[image: ][image: ][bookmark: _Toc165382194]Figure 3 (Results of practical and simulation in V)

[bookmark: _Toc165382195]Figure 4 (Results of practical and simulation in dBs

	F (Hz)
	Vin
	Vout
	Atten

	100
	2
	0.0013
	-63.7417

	200
	2
	0.0025
	-58.0618

	500
	2
	0.0064
	-49.897

	1000
	2
	0.01325
	-43.5763

	2000
	2
	0.03
	-36.4782

	4000
	2
	0.138
	-23.223

	4900
	2
	1.1
	-5.19275

	5000
	2
	1.925
	-0.33199

	5200
	2
	0.81
	-7.8509

	6000
	2
	0.175
	-21.1598

	10000
	2
	0.0425
	-33.4528

	15000
	2
	0.02376
	-38.5037

	20000
	2
	0.0168
	-41.5144


	F (Hz)
	Vin
	Vout
	Atten

	100
	1.9
	0.01496
	-42.0764

	200
	1.9
	0.0148
	-42.1698

	500
	1.9
	0.01616
	-41.4062

	1000
	1.9
	0.01928
	-39.8729

	2000
	1.9
	0.0328
	-35.2576

	4000
	1.9
	0.1136
	-24.4675

	4900
	1.9
	0.216
	-18.886

	5000
	1.9
	0.22
	-18.7266

	5200
	1.9
	0.22
	-18.7266

	6000
	1.9
	0.144
	-22.4078

	10000
	1.9
	0.0422
	-33.0688

	15000
	1.9
	0.0248
	-37.686

	20000
	1.9
	0.01712
	-40.905


[bookmark: _Toc165382204]Table 2 (Results table for practical)
[bookmark: _Toc165382205]Table 3 (Results table for simulation)

[bookmark: _Toc165382196]Above, are the results from the simulation and practical circuits. The graphs showing the results in V and dBs. (Figure 3-4).The tables show the readings received used the oscilloscopes. (Table 2-3). To get these results I took note of the Vin voltage being 2V and setting the frequency to 100Hz and checking the VP voltage, you will see the Vout measured at 0.00130mH. I would then increase the frequency up to 20,000Hz. The peak attenuation being -0.963mH. To work out the attenuation for each frequency I used the formula. The same test and formula was used for the practical circuit. See figure 5 for results.
[image: ]Figure 5 (attenuation formula)

[image: ]My resonance frequency came out at 5032.9Hz using the following formula
[bookmark: _Toc165382197]Figure 6 (resonance frequency formula)


7. [bookmark: _Toc165382182]Q factor results 
The Q (Quality) factor was worked out using the Decibels (dB’s) graph.
The “Q factor” for the simulation has been worked out (using the Q factor formula, figure 7) by finding the 100% point of the dBs graph, that is 5000, the 70.7% is 4800 (bandwidth). The upper and lower band edges from the curve are 3100Hz and 4900HZ meaning the distance between the curves are 1800Hz and 5000 divided by 1800, = Q=2.7
The “Q factor” for the practical is 100% at 238 and 70.7% at 168.2 (bandwidth), the band edges from the curve are 4500Hz and 5800Hz meaning Q=31.6
A response with a high Q factor has a sharper point, a more rounded point will have a lower Q factor. This corresponds with my results. 
[image: ]
	
[bookmark: _Toc165382198]Figure 7 (Q factor formula)


8. [bookmark: _Toc165382183]Discussion 
When comparing the results from the simulation on proteus and the practical circuit there was a very obvious different between them. The attenuation on the simulation peaked at 5000Hz with 1.9V while on the practical circuit. While it still peaked at 5200Hz but with 0.22V. The “Q” factor also had a dramatic change in appearance. The reason for this change could be to do with the physical components used. The tolerances in proteus will never differ and will be perfect each time. While in a real-life scenario you will pick up resistance through each component including the wires, live wires near a circuit could affect any output, as they will be producing frequencies, this is why we shield some wires on certain circuits, you may also get stray capacitance and inductance in your circuit these are potentially caused by capacitors reacting in different ways as tolerances in real life may vary compared to the simulation. Environmental factors could also play a part in the difference in results, such as temperature, humidity or electromagnetic interference from the wires, which will give you a different result to the simulator. 
Summarising the differences between the Q factor and resonance frequency, resonance frequency determines the natural frequency while the Q factor indicates the efficiency and sharpness of the resonance peak. They are related but represent different aspects of the resonant behaviour of the system. They are related through the bandwidth of the frequency peak.
“When frequency increases phase shift happens. Adding a capacitor will help reduce this” [8] The Phase Shift is how far the function is shifted horizontally from the usual position. [9]
[image: ]Potential dividers, commonly employed circuit component is the potential divider, which operates on the principle that the voltage decrease across a section of a wire with constant current and uniform cross-section is proportionate to its length [10]. This could also play a factor into why our results varied so much. 
By double checking my practical circuit results on a different oscilloscope, I was able to identify the correct discrepancies from my simulated results. The rebuilt circuit provided me with the correct measurements I needed the results can be seen in table 4.[bookmark: _Toc165382199]Figure 8 (potential divider schematic)

While trying to work out the Q factor I made up a code in Arduino [11] using C++ coding to sanity check my results. (In13).

9. [bookmark: _Toc165382184]Conclusion 
[bookmark: _GoBack]In this experiment it has been determined that the comparison between the simulation circuit and the practical circuit results showed a substantial variance in the Q factor. This difference shows the complexity of translating a theoretical circuit into a practical one. Several factors may contribute to this deviation, including component tolerances, environmental issues or possibly inaccuracies in the model itself. 
Moving forward it is imperative to delve deeper into understanding these discrepancies to improve the accuracy and reliability of both simulation and real-world circuits. Future research could focus on refining my simulation knowledge to better account for real-world conditions. By addressing these challenges and refining both techniques, a more accurate analyses in circuit design will be achieved.
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10. [bookmark: _Ref165382100][bookmark: _Toc165382186]Appendices 

Q factor code

float rVal;
float lVal;
float cVal;
float rTol;
float lTol;
float cTol;
float QMin;
float QMax;
float QFactor;
float rMin;
float rMax;
float lMin;
float lMax;
float cMin;
float cMax;

void setup() {
  Serial.begin(9600);
}

void loop() {
  Serial.println("What is the rVal");
  while(Serial.available()==0){
  }
  rVal = Serial.parseInt();

  Serial.println("What is the lVal");
  while(Serial.available()==0){
  }
  lVal = Serial.parseInt();
  
  Serial.println("What is the cVal");
  while(Serial.available()==0){
  }
  cVal = Serial.parseInt();

  Serial.println("What is the rTol (% value)");
  while(Serial.available()==0){
  }
  rTol = Serial.parseInt();

  Serial.println("What is the lTol (% value)");
  while(Serial.available()==0){
  }
  lTol = Serial.parseInt();

  Serial.println("What is the cTol (% value)");
  while(Serial.available()==0){
  }
  cTol = Serial.parseInt();

  Serial.print("rVal = ");
  Serial.println(rVal);

  Serial.print("lVal = ");
  Serial.println(lVal);

  Serial.print("cVal = ");
  Serial.println(cVal);

  Serial.print("rTol = ");
  Serial.println(rTol);

  Serial.print("lTol = ");
  Serial.println(lTol);

  Serial.print("cTol = ");
  Serial.println(cTol);
  
  rMin = rVal*(1-rTol/100);
  rMax = rVal*(1+rTol/100);

  lMin = lVal*(1-lTol/100);
  lMax = lVal*(1+lTol/100);
  
  cMin = cVal*(1-cTol/100);
  cMax = cVal*(1+cTol/100);
  
  QFactor = (1/rVal)*(sqrt(lVal/cVal));
  QMin = (1/rMax)*(sqrt(lMin/cMax));
  QMax = (1/rMin)*(sqrt(lMax/cMin));

  Serial.print("QFactor = ");
  Serial.println(QFactor,6);
  Serial.print("QMin = ");
  Serial.println(QMin,6);
  Serial.print("QMax = ");
  Serial.println(QMax,6);
  delay(2000);
}
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